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(54) Semiconductor memory device 

(57) A semiconductor memory device has a memo- 
ry cell array (1) including memory cells (MC); a refer- 
ence current generating circuit (DMC) which generates 
a reference current (Iref); a reference voltage generat- 
ing circuit (6) which generates a reference voltage in a 
reference node (RSN) on the basis of the reference cur- 
rent (Iref) generated by the reference current generating 
circuit; a first sense circuit (4a) which generates an out- 



put current (2 Ice! I) on the basis of a cell current (feed) 
of the selected memory cell and which generates a data 
potential in a sense node (SN) on the basis of the output 
current and the reference current; and a second sense 
circuit (4b) which detects the data held in the selected 
memory cell by comparing the data potential in the 
sense node with the reference voltage in the reference 
node. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a semiconduc- 
tor memory device with a current-read-type memory 
cell, in which data is judged on the basis of the presence 
or absence of a cell current or the amount of the cell 
current. More specifically, the present invention relates 
to a data sense circuit for the semiconductor memory 
device. 

Related Background Art 

[0002] In a related DRAM, a memory ceil is composed 
of an MOS transistor and a capacitor. The scale-down 
of the DRAM has been remarkably advanced by the 
adoption of a trench capacitor structure and a stacked 
capacitor structure. At present, the cell size of a unit 
memory cell is scaled down to an area of2Fx4F=8 
F 2 , whereF is aminimumfeature size. However, it be- 
comes difficult to secure the same downsizing trend of 
cell size as before. Because, there are a technical diffi- 
culty that the transistor has to be a vertical type, a prob- 
lem that electric interference between adjacent memory 
cells increases, and in addition difficulties in terms of 
manufacturing technology including fabrication, film for- 
mation, and the like. 

[0003] On the other hand, some proposals for a 
DRAM in which a memory cell is composed of one tran- 
sistor without using a capacitor are made as mentioned 
below. 

(1) JOHN E.LEISS et al, "dRAM Design Using the 
Taper-Isolated Dynamic Cell" (IEEE JOURNAL OF 
SOLID-STATE CIRCUITS, VOL.SC-17, NO.2, 
APRIL 1982, pp337-344) 

(2) Japanese Patent Laid-open Publication No. 
H3-171768 

(3) Marnix R. Tack et al, 'The Multistage 
Charge-Controlled Memory Effect in SOI MOS 
Transistors at Low Temperatures 1 * (IEEE TRANS- 
ACTIONS ON ELECTRON DEVICES, VOL, 37, 
MAY, 1990, pp1 373-1 382) 

(4) Hsing-jen Wann et al, U A Capacitorless DRAM 
Cell on SOI Substrate" (IEDM93, pp635-638) 

[0004] A memory cell in the document (1) is com- 
posed of MOS transistors, each of which has a buried 
channel structure. Charge and discharge to/from a sur- 
face inversion layer is performed using a parasitic tran- 
sistor formed at a taper portion of an element isolation 
insulating film to perform binary storage. 
[0005] A memory cell in the document (2) uses MOS 
transistors which are well- isolated from each other and 
uses a threshold voltage of the MOS transistor fixed by 



a well potential as binary data. 

[0006] A memory cell in the document (3) is com- 
posed of MOS transistors on an SOI substrate. A large 
negative voltage is applied from the SOI substrate side, 

s and by utilizing accumulation of holes in an oxide film of 
a silicon layer and an interface , binary storage is per- 
formed by emitting and injecting these holes. 
[0007] A memory cell in the document (4) is com- 
posed of MOS transistors on an SOI substrate. The 

10 MOS transistor is one in terms of structure, but here a 
structure, in which a reverse conduction-type layer is 
formed on top of the surface of a drain diffusion region, 
whereby a P-MOS transistor for write and an N-MOS 
transistor for read are substantially combined integrally, 

15 is adopted. With a substrate region of the N-MOS tran- 
sistor as a floating node, binary data are stored by its 
potential. 

[0008] However, in the document (1), the structure is 
complicated and the parasitic transistor is used, where- 
to by there is a disadvantage in the controllability of its 
characteristic. In the document (2), the structure is sim- 
ple, but it is necessary to control potential by connecting 
both a drain and a source of the transistor to a signal 
line. Moreover, the cell size is large and rewrite bit by 
2s bit is impossible because of the well isolation. In thedoc- 
ument (3), a potential control from the SOI substrate 
side is needed, and hence the rewrite bit by bit is impos- 
sible, whereby there is a difficulty in controllability. In the 
document (4), a special transistor structure is needed, 
30 and the memory cell requires a word line, a write bit line, 
a read bit line, and a purge line, whereby the number of 
signal lines increases. 

[0009] The memory cell composed of one transistor 
in the related art stores data on the basis of a gate 

35 threshold voltage difference cased by a potential differ- 
ence of a channel body. This is basically different from 
the data storage system using accumulation of electrical 
charge in a capacitor. Therefore, in the memory cell 
composed of one transistor, the presence or absence of 

40 a cell current passed through the memory cell is detect- 
ed, or whether the ceil current is large or small is detect- 
ed, in order to judge the data stored in the memory cell. 
That is, the memory cell composed of one transistor is 
a current-read-type memory cell. 

45 

SUMMARY OF THE INVENTION 

[0010] According to one aspect of the present inven- 
tion, a semiconductor memory device comprising: 

50 

a memory cell array which includes memory cells 
for holding data; 

a reference current generating circuit which gener- 
ates a reference current; 
55 a reference voltage generating circuit which gener- 
ates a reference voltage in a reference node on the 
basis of the reference current generated by the ref- 
erence current generating circuit; 
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a first sense circuit which generates an output cur- 
rent on the basis of a cell current of the selected 
memory cell and which generates a data voltage in 
a sense node on the basis of the output current and 
the reference current; and 

a second sense circuit which detects the data held 
in the selected memory cell by comparing the data 
potential in the sense node with the reference volt- 
age in the reference node. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 is a diagram showing a constitution of a cell 
array and data sense circuits in a DRAM according 
to an embodiment of the present invention; 
Fig. 2A is a diagram specifically showing a consti- 
tution of a main portion in Fig. 1 ; 
Fig. 2B is a diagram showing a modified constitution 
of the main portion shown in Fig. 2A; 
Fig. 3A is a timing chart explaining an operation of 
the data sense circuits in Fig. 1 ; 
Fig. 3B is a timing chart explaining a refresh oper- 
ation for a dummy cell; 

Fig. 4 is a diagram showing a structure of a DRAM 
cell of the embodiment; 

Fig. 5 is a diagram showing a structure of a ceii array 
of the DRAM cells of the embodiment in Fig. 4; 
Fig. 6 is a diagram showing a structure of another 
DRAM cell of the embodiment; 
Fig. 7 is a diagram showing a structure of a cell array 
of the DRAM cells of the embodiment in Fig. 6; 
Fig. 8 is a chart showing a relation between a chan- 
nel body potential and a gate potential of the DRAM 
cell of the embodiment; and 
Fig. 9 is a diagram showing a constitution of a main 
portion of a DRAM according to another embodi- 
ment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] Some embodiments according to the present 
invention will be explained below with reference to the 
drawings. 

[0013] Fig. 1 shows the constitution of a cell array 1 
and data sense circuits 3 connected thereto in a DRAM 
of the embodiments of the present invention. A DRAM 
cell MC is composed of one MiSFET having a channel 
body in a floating state. The structure of a DRAM cell 
MC using an n-channel MISFET is shown in Fig. 4. The 
DRAM cell MC has a silicon substrate 10, a p-type sili- 
con layer 1 2 isolated from the silicon substrate 1 0 by an 
insulating film 1 1 such as a silicon oxide film, a gate elec- 
trode 14 formed with a gate insulating film 13 therebe- 
tween, and n-type diffusion regions 15 and 16, which 
are a source and a drain, respectively. The p-type silicon 
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layer 12 between the n-type diffusion regions 1 5 and 16 
serves as a channel body. 

[0014] The memory cell array 1 isstructured as shown 
in Fig. 5. Specifically, each of the DRAM cells MC has 
5 a floating channel body isolated from one another, 
sources of the DRAM cells MC are set at a reference 
voltage (ground potential), gates of the DRAM cells 
aligned in one direction are connected to word lines WL 
and drains of the DRAM cells aligned in a direction in- 
to tersecting the word lines WL are connected to bit lines 
BL. 

[0015] The DRAM cell MC dynamically stores a first 
data state in which the p-type silicon layer 12, which is 
the channel body, is set at a first potential and a second 

is data state in which the p-type silicon layer 1 2 is set at a 
second potential. More specifically, the first data state 
is written in a manner in which high level vortages are 
applied to a selected word line WL and a selected bit 
line BLto make a selected DRAM cell perform a pentode 

20 operation and majority carriers (holes in the case of the 
n-channel) generated by impact ionization which occurs 
near the drain junction are held in the channel body. This 
is, for example, data "1". The second data state is written 
in a manner in which a high level voltage is applied to 

25 the selected word line WL to raise the channel body po- 
tential by capacitive coupling while a potential of the se- 
lected bit line BL is set at a low level, and a forward bias 
current is sent to the junction of the channel body and 
the drain of the selected DRAM cell so as to emit the 

30 majority carriers in the channel body into the drain. This 
is, for example, data n 0 n . 

[0016] The data "1 " and "0" are represented as a dif- 
ference in gate threshold of the MISFET. Specifically, 
the relation between the data "1" and "0", and, channel 

35 body potential VB and gate voltage VG is as shown in 
Fig. 8. As a result of biasing the substrate by the channel 
body potential, a threshold voltage Vth1 in the case of 
the data "1" is lower than a threshold voltage VthO in the 
case of the data "O" . Accordingly, at the time of a data 

40 read operation, the data can be judged by detecting a 
cell current difference caused by a threshold voltage dif- 
ference. 

[0017] With respect to the DRAM cell structure in Fig. 
4, a modified cell structure is shown in Fig. 6. In this 

45 structure, an auxiliary gate electrode 21 capacitively 
coupled to the p-type silicon layer 1 2 (the channel body) 
is provided corresponding to the gate electrode 14. In 
this example, the auxiliary gate 21 is embedded in the 
insulating film 1 1 to face a bottom face of the p-type sil- 

so icon layer 1 2 with a gate insulating film 20 therebetween. 
[0018] The cell array 1 using such a cell structure is 
shown in Fig. 7. The auxiliary gates 21 are connected 
to auxiliary word lines WL2 parallel to word lines WL1 
to which the main gate electrodes 14 are connected. In 

55 the cell array thus structured, the auxiliary word lines 
WL2 are driven in synchronization with the main word 
lines WL1 in a state in which the auxiliary word lines WL2 
are offset to the lower voltage side relative to the main 
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word lines WL1 . By performing control of the channel 
body potential by capacitive coupling of the auxiliary 
word lines WL2 as described above, it becomes easier 
to secure a difference in the body potential between the 
"0" and "1" data. 

[0019] Since the DRAM cell MC of this embodiment 
is of a current-read-type as described above, it is judged 
by comparing a cell current with a reference current for 
a data sense operation whether the amount of the cell 
current is large or small. As a source for the reference 
current, a dummy cell DMC is prepared as shown in Fig. 
1 . Although a dummy cell DMC of this kind is generally 
designed through which the reference current at an in- 
termediate value between a cell current IceiH when the 
DRAM cell is the M 1 " data and a cell current IcellO when 
the DRAM cell is the "0" data is passed, the dummy cell 
DMC of this embodiment is composed of two MISFETs 
having the same structure as that of the DRAM cell MC 
and whose drains are connected in parallel to a dummy 
bit line DBL provided for every plural bit lines. 
[0020] The °0 U data is written in one MISFET-MC0 
and the u 1" data is written in the other MISFET-MC1. 
'Gates of these MISFETs-MCO andMCI are connected 
to dummy word lines DWL1 and DWL2 respectively. The 
dummy word lines DWL1 and DWL2 are selectively driv- 
en simultaneously with a selected word line WL at the 
time of a data sense operation. Accordingly, a reference 
current I ret passed through the dummy bit line DBL is 
derived from tref = IcellO + IcelH . Correspondingly, in 
data sense circuits 3, a cell current 2 x Icell, which is 
double a detected cell current Icell, is generated to be 
compared with the aforesaid reference current Iref, as 
wilt be explained in detail later. 

[0021] As shown in Fig. 1 , the data sense circuits 3 
are connected to the bit lines BL of the cell array 1 via 
bit line selecting circuits 2a. The bit line selecting circuits 
2a are multiplexers each of which selects one line out 
of a plurality of the bit lines. In the example of Fig. 1, 
each of the bit line selecting circuits 2a selects one line 
out of four bit lines BL0 to BL3 in response to selecting 
signals BSL0 to BSL3. The plurality of data sense cir- 
cuits 3 share a reference voltage generating circuit 6 
connected to the dummy bit line DBL which is provided 
for every plural bit lines. The reference voltage gener- 
ating circuit 6 generates in a reference node RSN a ref- 
erence voltage corresponding to the aforesaid refer- 
ence current Iref which is sent from the dummy cellDMC. 
Each of first sense amplifiers 4a generates the aforesaid 
double cell current 2 x Icell, compare it with the refer- 
ence current Iref, and generates in sense nodes SN a 
potential according to the data. Then, second sense am- 
plifiers 4b, each of which detects the difference in the 
potential between the sense nodes SN and the refer- 
ence node RSN, are provided. 

[0022] In addition, between the sense amplifiers 4a 
and data lines DL (which are connected to the bit lines 
BL via the bit line selecting circuits 2a) and between the 
reference voltage generating circuit 6 and a reference 
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data line RDL (which is connected to the dummy bit line 
DBL via a dummy bit line selecting circuit 2b), clamping 
circuits 5 are provided for suppressing the rise in the 
voltages of the bit lines BL and the dummy bit line DBL 

5 respectively at the time of the data sense operation. The 
clamping circuits 5 prevent erroneous writing in the 
DRAM cell MC and the dummy cell DMC at the time of 
the data read operation, and more specifically, the 
clamping circuits 5 suppress the voltages of the bit lines 

10 BL and the dummy bit line DBL at a low level so that the 
selected memory cell and the dummy cell perform a tri- 
ode operation at the time of the data sense operation. 
[0023] Fig. 2A shows the specific configuration of the 
data sense circuits 3 concerning only one system. The 

is clamping circuits 5 are structured to have n-channel 
MISFETs-QNI inserted between an input terminal NO 
of the first sense amplifier 4a and the data line DL and 
between an input terminal RNO of the reference voltage 
generating circuit 6 and the reference data line RDL re- 

20 spectively, and operational amplifiers OP giving nega- 
tive feedback control to gates of the n-channel MIS- 
FETs-QNI according to the voltages of the data line DL 
and the reference data line RDL respectively. 
[0024] Thus, while the voltages of the data line DL and 

25 the reference data line RDL are at a low level, the n- 
channel MISFETs-GN1 are in ON state and the short 
circuits exist between the input terminal NO of the first 
sense amplifier 4a and the data line DL and between 
the input terminal RNO of the reference voltage gener- 

30 ating circuit 6 and the reference data line RDL. A positive 
bias voltage VBP is applied to non-inverting input termi- 
nals of the operational amplifiers OP. Therefore, when 
the voltage of the data line DL or the reference data line 
RDL excesses the VBP, the output of the corresponding 

35 operational amplifier OP is turned to an "L" level and the 
corresponding n-channel MISFET-QN1 is in OFF state 
so that the further rise in the voltage can be suppressed. 
[0025] In the DRAM cell, at the time of a data write 
operation, a high level voltage (power-supply voltage 

40 \/dd ; for example) is applied to the selected word line 
WL and the high level voltage (power-supply voltage 
Vdd : for example) is also applied to the selected bit line 
BL so as to perform the pentode operation, as described 
above. At the time of the data read operation, if the pow- 

45 er-supply voltage Vdd Is similarly applied to the selected 
word line WL and the potential of the selected bit line 
BL rises to the Vdd without a current being passed 
through the selected cell, the conditions become the 
same as those in a write mode. Therefore, the VBP is 

so set at a lower level than the power-supply voltage Vdd. 
For example, the power-supply voltage Vdd is set at 2 
V to 3 V and the VBP is set at approximately VBP = 200 
mV. As thus set, at the time of the data sense operation, 
the DRAM cell MC and the dummy cell DMC do not per- 

55 form the pentode operation and the conditions of the a 1 a 
write can be prevented from being satisfied. 
[0026] The reference voltage generating circuit 6 in- 
cludes p-channel MISFETs-QP22 and QP23 constitut- 
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ing a current mirror circuit, whose sources are jointly 
connected to ahigh level voltage terminal VINT via a p- 
channelMISFET-QP21 for activation. A drain and a gate 
of the MISFET-QP22, which is a current source load for 
the dummy bit line DBL, are jointly connected to the in- s 
put terminal RNO and a drain of the MISFET-QP23 is 
connected to the reference node RSN. Between the ref- 
erence node RSN and a ground terminal, a diode-con- 
nected n-channel MISFET-QN23 is provided. Between 
the input terminal RNO and a ground terminal, an n- 10 
channel MISFET-QN21 for precharge is provided. 
[0027] The first sense amplifier 4a includes p-channel 
MISFETS-QP12 and QP1 3 constituting a current mirror 
circuit, whose sources are jointly connected to a high 
level voltage terminal VINT via a p-channel MIS- is 
FET-QP11 for activation. A drain and a gate of the MIS- 
FET-QP1 2, which is a current source load of the bit line 
BL, are jointly connected to the input terminal NO and 
a drain of the MISFET-QP13 is connected to the sense 
node SN. Between the sense node SN and a ground 20 
terminal, an n-channel MISFET-QN12 whose gate is 
controlled by the reference node RSN is provided. Be- 
tween the input terminal NO and a ground terminal, an 
n-channel MISFET-QN11 for precharge is provided. 
[0028] In the reference voltage generating circuit 6, 25 
the MlSFETs-QP22 and QP23 constituting the current 
mirror are definedto have the same size. That is, achan- 
nel width W of the MISFET-QP22 and a channel width 
W of the MISFET-QP23 are the same, and a channel 
length L of the MISFET-QP22 and a channel length L of 30 
the MISFET-QP23 are the same. Thereby, at the time 
of the data sense operation, when a cell current which 
is sent to the dummy cell DMC by the current source 
MISFET-QP22 is Iref, the reference current Iref, which 
is the same amount of the ceil current Iref, is also sent 35 
to the MISFET-QP23 for output. A reference voltage de- 
termined according to the reference current Iref is ob- 
tained in the reference node RSN. 
[0029] On the other hand, in the MISFETs-QP12 and 
QP13 constituting the current mirror in the first sense 40 
amplifier 4a, different from the reference voltage gener- 
ating circuit 6, a ratio W/L of (a channel width W)/(a 
channel length L) of the QP1 3 is set as double the ratio 
W/L of the QP1 2. Thereby, at the time of the data sense 
operation, when a cell current which is sent to the mem- *s 
ory cell MC by the current source MISFET-QP12is Icell, 
the output current, which is 2 x IcelL is sent to the MIS- 
FET-QP1 3 for output. 

[0030] The MISFET-QN23 of the reference voltage 
generating circuit 6 and the MISFET-QN12 of thesense so 
amplifier 4a also constitute a current mirror, and then 
these are set at the same size in this embodiment. That 
is, a channel width W of the MISFET -QN23 and a chan- 
nel width W of the MISFET-QN12 are the same, and a 
channel length L of the MISFET-QN23 and a channel 55 
length L of the MISFET-QN12 are the same. Thereby, 
the currents 2 x Icell and the reference current Iref come 
into collision so that a voltage determined according to 



the amount of the currents 2 x Icell and the reference 
current Iref can be obtained in the sense node SN. 
[0031] As described above, when the cell current of 
the "0" data is defined as IcellO and the cell current of 
the "1 " data is defined as Icelll, the reference current Iref 
passed through the dummy bit line DBL is derived from 
the following Formula 1 . 

(Formula 1) 
Iref = IcellO + Icelll 

[0032] As described above, since the "0" data cell has 
a high threshold voltage, a large current is not passed 
through it. Meanwhile, since the "1" data cell has a low 
threshold voltage, a large current is passed through it. 
That is, the relation between the IcellO and the Icelll is 
IcellO < IcelM . Since the output current of the sense am- 
plifier 4a is 2 x Icell, the relation between the reference 
current Iref and the output current is derived from the 
following Formula 2 depending on whether the selected 
cell is the "0" or"1" data. 

(Formula 2) 

In the case of data "0", 2 x Icell = 2 x IcellO < Iref 
In the case of data •1", 2 x Icell = 2 x Icelll > Iref 

[0033] When 2 x Icell is smaller than Iref, a power for 
turning on the MISFET-QN12 so as to pass the current 
Iref through it is stronger than that for turn ing on the MIS- 
FET-QP1 3 so as to pass the current 2 x Icell through it. 
As a result, the potential of the sense node SN is inclined 
toward the ground side and dropped. 
[0034] On the other hand, when 2 x Icell is larger than 
Iref, a power for turning on the MISFET-QP13 so as to 
pass the current 2 x Icell through it is stronger than that 
for turning on the MISFET-QN12 so as to pass the cur- 
rent Iref through it. As a result, the voltage of the sense 
node SN is inclined toward the high level voltage termi- 
nal VINT side and raised. 

[0035] As be understood from this, the polarity of the 
potential difference between the sense node SN and the 
reference node RSN varies depending on the data. The 
voltage difference is detected by the second sense am- 
plifier 4b. In the example in Fig. 2A, the second sense 
amplifier 4b is a comparator which outputs a sense out- 
put OUT of "L" or "H" according to "hT or "L" of the sense 
node SN relative to the reference node RSN. 
[0036] Incidentally, in order to satisfy the aforesaid re- 
lation between the output current of the sense amplifier 
4a and the output current of the reference voltage gen- 
erating circuit 6, it is more generally recommended that 
the size of the MISFET-QP23 of the reference voltage 
generating circuit 6 is set so that a current P times as 
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large as that passed through the MISFET-QP22 (P is 
any positive number) is passed through the MIS- 
FET-QP23 while, in the sense amplifier 4a, the size of 
the MISFET-QP13 is set so that a current Q times as 
large as that passed through the MISFET-QP1 2 (Q/P is 
2) is passed through the MISFET-QP13. 
[0037] In this embodiment, a data holding circuit 7 
capturing sense data in response to a predetermined 
timing signal and holding it therein is provided in the out- 
put OUT of the second sense amplifier 4b. In this em- 
bodiment, the data holding circuit includes inverters 
INV1 and INV2. An output of the inverter INV1 is inputted 
to the inverter INV2, and an output of the inverter INV2 
is inputted to the inverter 1NV1 . Therefore, the output of 
the inverter INV1 is an output of the data holding circuit 
7. The data held in the data holding circuit 7 is transmit- 
ted to a data line DQ via a column gate MISFET-QN41 
which is driven by a column selecting line CSL. 
[0038] In the output of the data holding circuit 7, a re- 
fresh circuit 8 for refreshing memory cell data at a pre- 
determined refresh cycle based on the held data is pro- 
vided. The refresh circuit 8 includes an n-channel MIS- 
FET-QN31 controlled by a refresh control signal RE- 
FRESH to feed the data held in the data holding circuit 
7 back to the data line DL. Specifically, at the time of the 
"0° and "1" data read operation, the data holding circuit 
7 is in U L M and "H" output states respectively, and the 
output states are transmitted to the bit line BL via the 
MISFET-QN31 and via the data line DL. When the M L" 
and "H u output states of the data holding circuit 7 are 
set at a bit line U L U level voltage VBLL at the time of the 
"0" write operation and a bit line "H" level voltage VBLH 
at the time of the "1" write operation respectively and 
transmitted as they are, the data is refreshed in the se- 
lected DRAM cell. 

[0039] The dummy cell DMC includes two MISFETs 
and it is required to write the u 0" and "1 M data in them at 
predetermined intervals. For this reason, an MIS- 
FET-QN42 constituting a write circuit for writing the "0" 
and tt 1 M data in the MISFETs-MCO and MC1 of the dum- 
my cells via the data line DQ is provided between the 
data line DQ and the reference data line RDL. 
[0040] Although the sense amplifiers and the refer- 
ence voltage generating circuit of only one system are 
shown in Fig. 2A, there are actually provided plural sys- 
tems of sense amplifiers which share the reference volt- 
age generating circuit 6 as shown in Fig. 1 . In this case, 
the refresh circuit 8 is necessary for each system of the 
sense amplifiers. 

[0041] In addition, as shown in Fig. 2B, an appropriate 
level shift circuit LSC may be provided in a path of the 
refresh circuit 8 in order that a voltage of the bit line BL 
at the refresh operation is different from a voltage of the 
data holding circuit 7 holding the read data. For exam- 
ple, when the data holding circuit 7 holds the data u 1 ", 
the level shift circuit LSC is supplied with the voltage of 
the data holding circuit 7 through the MISFET-QN31 and 
may shift it to a higher voltage so as to supply it to the 



data line DL. On the other hand, when the data holding 
circuit 7 holds the data "0", the level shift circuit LSC is 
supplied with the potential of the data holding circuit 7 
through the MISFET-QN31 and may shift it to a lower 

s voltage so as to supply it to the data line DL. 

[0042] A data sense operation according to this em- 
bodiment will be specifically explained with reference to 
the timing chart in Fig. 3A. Before the data sense oper- 
ation, until a point in time to, a precharge signal bSAON2 

10 is at "H n and the bit line BL and the dummy bit line DBL 
are precharged at an "L" level (ground potential) via the 
data line DL and the reference data line RDL, respec- 
tively. The precharge operation is stopped at the point 
in time to, and the selected word line WL and the dummy 

is word lines DWL1 and DWL2 are raised to an "H" level 
at a point in time t1 . When a sense amplifier activation 
signal bSAONI is turned to "L" at a point in time t2, the 
first sense amplifier 4a and the reference voltage gen- 
erating circuit 6 are activated so that the cell current Icel 

20 is passed through the selected bit line BL and the dum- 
my cell current (reference current Iref) is passed through 
the dummy bit line DBL according to the cell data. 
[0043] A large current is not passed through the cell 
of the U 0 M data which has a high threshold, while a large 

25 current is passed through the cell of the "1 " data. Mean- 
while, a current larger than the current Icel11 of the cell 
of the "1 " data is passed through the dummy cell DMC 
because the dummy cell DMC is composed of the n 0 M 
and u 1 u data cells connected in parallel. The voltage lev- 

30 el of the bit line BL and the dummy bit line DBL are 
clamped by the clamping circuits 5 at a predetermined 
value regardless of the cell current capacity. 
[0044] Based on the cell current relation described 
above, in the first sense amplifier 4a, a potential lower 

35 than that of the reference node RSN in the case of the 
"0" data and higher than that of the reference node RSN 
in the case of the u 1 " data is obtained in the sense node 
SN by comparison of the cell current 2 x Icel with the 
reference current Iref. Then, the second sense amplifier 

40 4b judges the potential difference between the sense 
node SN and the reference node RSN so as to obtain 
the sense output OUT which is "L" in the case of the "0° 
data and "H" in the case of the "1 M data. 
[0045] At apoint in time t3, the sense amplifier 4a and 

45 the reference voltage generating circuit 6 are inactivated 
and then the data held in the data holding circuit 7 can 
be taken out by a column selection. Fig. 3A does not 
show this operation but shows an example subsequent- 
ly proceeding into the refresh cycle. In the refresh cycle, 

so the word line WL which is at "H" at the time of the read 
operation maintains the M H" and the refresh control sig- 
nal REFRESH is set at the M H M . 

[0046] On this occasion, if the low level voltage VBLL 
and the high level voltage VBLH which are given to the 
55 bit line BL depending on the read data H 0 a and "1" are 
set as potentials required for the "0" and °1 M write oper- 
ation respectively, the read data is written again in the 
selected cell MC and it is refreshed. 
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[0047] This refresh operation is for the DRAM ceils 
MC, however, in this embodiment, a refresh operation 
for the dummy ceil DMC is performed before the refresh 
operation for the DRAM cell MC is started or after the 
refresh operation for ail the DRAM cells MC is ended. 
In other words, the refresh operation is performed every 
a predetermined period in this embodiment. 
[0048] Fig. 3B is a timing chart for explaining the re- 
fresh operation for the dummy cell DMC. As shown in 
Fig. 3B, the dummy word line DWL1 is raised to the "H" 
level at a point in time to, and then the dummy bit line 
DBL is dropped to the low level voltage VBLL at a point 
in time t1 slightly after the point in time 0. The low level 
voltage VBLL is transmitted through the MISFET-QN42 
driven by the dummy column selecting line DCSL and 
through the reference data line RDL from the data line 
DQ. As a result, the "0" is written In the MISFET-MCO 
of the dummy cell DMC and the MISFET-MCO is re- 
freshed. Afler this, the dummy bit line DBL returns from 
the low level voltage VBLL to OV at a point in time 2, and 
then the dummy word line DWL1 returns from the "H" 
level to the "L" level at a point in time 3. 
[0049] Subsequently, the dummy word line DWL2 is 
raised to the *IT level at a point in time t4, and then the 
dummy bit line DBL is raised to the high level voltage 
VBLH at a point in time t5 slightly after the point in time 
4. The high level voltage VBLH is transmitted through 
the (VISFFT-QN42 driven by the dummy column select- 
ing line DCSl and through the reference data line RDL 
from the data line DQ. As a result, the "1" is written in 
the 1VISFE~-MC1 of the dummy cell DMC and the MIS- 
FET-MC1 is refreshed. After this, the dummy bit line 
DBL returns from the high level voltage VBLH to 0V at 
a pom! in time 6. and then the dummy word line DWL2 
returns from the "H" level to the "L° level at a point in 
time 7 

[0050] By this refresh operation, a state in which the 
two MISrETs hold the "0" and "1 " therein is written again 
in the dummy cell DMC. Moreover, a refresh control cir- 
cuit generates the refresh control signal REFRESH and 
drives the dummy word lines DWL1 and DWL2, the data 
line DQ and the dummy column selecting line DCSL. 
[0051] As described above, according to this embod- 
iment, using a DRAM cell which is structured by one sim- 
ple transistor having a floating channel body, a DRAM 
with the channel body as a storage node can be ob- 
tained. A data sense circuit is made to judge data by 
preparing the dummy cell DMC. which is a reference 
current source, and comparing a cell current with a cur- 
rent of the dummy cell DMC. Particularly in this embod- 
iment, a ceil in which "0" data is written and a cell in 
which "1" data is written are provided in parallel as the 
dummy cell DMC so as to compare the amount of a cur- 
rent 2 x Icel, which is double a cell current Icel, with ref- 
erence to a reference current Iref determined by the 
dummy cell DMC. This ensures data judgment even in 
a case of a DRAM cell whose cell current difference be- 
tween the "0 M and "1" data is small. 
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[0052] Further, by providing clamping circuits 5 which 
suppress the rise in voltages of the bit line BL and the 
dummy bit line DBL at a time of a data sense operation, 
the selected cell MC and the dummy cell DMC do not 

5 satisfy the conditions of "1 " write so that erroneous writ- 
ing can be prevented in a read operation. Moreover, in 
a nonvolatile semiconductor memory such as an EEP- 
ROM using a current-read-type memory cell, a method 
of, for example, precharging the bit line at a power-sup- 

10 ply voltage Vdd is used, but if the same precharging 
method is used for the DRAM cell of this embodiment, 
a pentode operation is performed when a word line is 
raised and erroneous writing is caused. With respect to 
this, in this embodiment, it is set to perform detection of 

*5 the cell current with the bit line precharge being set at a 
ground potential so that the erroneous writing can be 
prevented. 

[0053] Fig. 9 shows the constitution of a main portion 
of a data sense circuit of another embodiment corre- 

20 spending to Fig. 2A. In this embodiment, a fixed bias 
voltage BIAS is applied to the gates of the n-channel 
MISFETs-QN1 of the clamping circuits 5. In the clamp- 
ing method, the rise in the voltages of the bit line and 
the dummy bit line can be suppressed to BIAS - Vth (Vth : 

^5 a threshold voltage of the QN1). Therefore, by selecting 
the bias voltage BIAS, the erroneous writing can be se- 
curely prevented. 

[0054] The present invention is not limited to the 
above-described embodiments. For example, although 

30 thedummycell iscomposedof one set of eel I transistors 
in which the o 0" and u 1" data are respectively written in 
the embodiments, it may be composed of plural sets of 
cell transistors. Thereby, a reference current obtained 
by averaging variation in the cell currents of the "0" and 

35 °1 ■ data can be generated, which enables more reliable 
data judgment. 

[0055] In general, when a dummy cell is composed of 
N pairs of cell transistors provided in parallel, the refer- 
ence current is derived from Iref = N (IcellO + IcelM), 

^0 where N is the natural number. On this occasion, as in 
the aforesaid embodiments, if the reference voltage 
generating circuit 6 is defined to generate one-to-one 
output currents by a current mirror, a current mirror in 
the first sense amplifier4amay be designed to generate 

45 currents at a ratio of one-to-2N. 

[0056] When a dummy cell is composed of N pairs of 
cell transistors, it is more generally recommended that 
the size of the MISFET-QP23 of the reference voltage 
generating circuit 6 is set so that a current P times as 

so large as that passed through the MISFET-QP22 (P is 
any positive number) is passed through the MIS- 
FET-QP23 while, in the sense amplifier 4a, the size of 
the MISFET-QP13 is set so that a current Q times as 
large as that passed through the MISFET-QP12 (Q/P is 

55 2N) is passed through the MISFET-QP13. 

[0057] Moreover, in the aforementioned embodi- 
ments, a DRAM in which a DRAM cell is composed of 
one MISFET having a floating channel body as a stor- 
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age node is explained, but the data sense circuit of the 
embodiments is also applicable to semiconductor mem- 
ories using other current- read-type memory cells of var- 
ious kinds. 



Claims 

1 . A semiconductor memory device comprising: 

a memory cell array (1 ) which includes memory 
ceils (MC) for holding data; 
a reference current generating circuit (DMC) 
which generates a reference current (Iref); 
a reference voltage generating circuit (6) which 
generates a reference voltage in a reference 
node (RSN) on the basis of the reference cur- 
rent (Iref) generated by the reference current 
generating circuit; 

a first sense circuit (4a) which generates an out- 
put current (2lcell) on the basis of a cell current 
(Icell) of the selected memory cell and which 
generates a data potential in a sense node (SN) 
on the basis of the output current and the ref- 
erence current; and 

a second sense circuit (4b) which detects the 
data held in the selected memory cell by com- 
paring the data potential in the sense node with 
the reference voltage in the reference node. 

2. The semiconductor memory device according to 
claim 1, wherein the memory cells (MC) are MIS- 
FETs, each of which includes a channel body in a 
floating state and each of which has a first data state 
in which the channel body is set in a first potential 
and a second data state in which the channel body 
is set in a second potential. 

3. The semiconductor memory device according to 
claim 2, wherein the reference current generating 
circuit (DMC) includes a plurality of MISFETs and a 
structure of each of the MISFETs of the reference 
current generating circuit is the same as that of the 
MISFET of the memory cell. 

4. The semiconductor memory device according to 
claim 2, wherein the reference current generating 
circuit (DMC) comprises: 

first MISFET (MC1 ) which is set in the first data 
state, the number of the first MISFET is N, 
where N is the natural number; and 
second MISFET (MCO) which is set in the sec- 
ond data state, the number of the second MIS- 
FETs is N, and 

wherein a structure of each of the first MIS- 
FET and the second MISFET is the same as that of 



14 

the MISFET of the memory cell. 

5. The semiconductor memory device according to 
claim 4, further comprising a setting circuit (QN42) 

5 which sets the first MISFET (MC1 ) in the first data 
state and the second MISFET (MCO) in the second 
state every a predetermined period. 

6. The semiconductor memory device according to 
10 claim 1 , wherein the memory cells (MC) are MIS- 
FETs, each of which includes a channel body in a 
floating state, and 

wherein a drain (1 6) of the memory cell is con- 
nected to a bit line and a gate (14) of the memory 
is cell is connected to a word line, and the memory 
cell has a first data state in which the channel body 
is set in a first potential and a second data state in 
which the channel body is set in a second potential. 

20 7. The semiconductor memory device according to 
claim 6, 

wherein the first data state is set by the impact 
ionization generated near a drain junction with a 
pentode operation of the memory cell, and 
25 the second data state is set bypassing a for- 

ward bias current between the channel body and 
the drain of the memory cell to emit majority carriers 
in the channel body. 

30 8. The semiconductor memory device according to 
claim 7, wherein the reference current generating 
circuit (DMC) comprises a plurality of MISFETs and 
a structure of each of the MISFETs of the reference 
current generating circuit is the same as that of the 

35 MISFET of the memory cell. 

9. The semiconductor memory device according to 
claim 8, wherein the reference current generating 
circuit (DMC) comprises: 

40 

first M ISFET (MC1 ) which is set in the first data 
state, the number of the first MISFET is N, 
where N is natural number; and 
second MISFET (MCO) which is set in the sec- 
45 ond data state, the number of the second MIS- 

FET is N. 

10. The semiconductor memory device according to 
claim 9, wherein a gate of the first MISFET is con- 

50 nected to a first dummy word line (DWL2) and a 

drain of the first MISFET is connected to a dummy 

bit line (DBL), and 

a gate of the second MISFET is connected to 

a second dummy word line (DWL1) and a drain of 
55 the second MISFET is connected to the dummy bit 

line (DBL). 

11. The semiconductor memory device according to 
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claim 10, wherein the reference voltage generating 
circuit (6) comprises: 

a first p-channel MISFET (QP22) which is a cur- 
rent source load for the dummy bit line (DBL); 
a second p-channel MISFET (QP23) which 
constitutes a current mirror circuit with the first 
p-channel MISFET, a drain of the second p- 
channel MISFET being connected to the refer- 
ence node (RSN); and 

a first n-channel MISFET (QN23), a gate and a 
drain of which are commonly connected to the 
reference node (RSN) and a source of which is 
connected to a first reference voltage. 

12. The semiconductor memory device according to 
claim 11, wherein a size of the second p-channel 
MISFET (QP23) is set so that a current P times as 
large as that passed through the first p-channel 
MISFET is passed through the second p-channel 
MISFET, where P is any positive number. 

13. The semiconductor memory device according to 
claim 12, wherein the first sense circuit (4a) com- 
prises: 

a third p-channel MISFET (QP12) which is a 
current source load for the bit line; 
a fourth p-channel MISFET (QP13) which con- 
stitutes a current mirror circuit wflh the third p- 
channel MISFET, a drain of the fourth p-chan- 
nel MISFET being connected to the sense node 
(SN); and 

a second n-channel MISFET (QN1 2), a drain of 
which is connected to the sense node (SN), a 
source of which is connected to the first refer- 
ence voltage and a gate of which is connected 
to the reference node (RSN). 

14. The semiconductor memory device according to 
claim 13, wherein a size of the fourth p-channel 
MISFET (QP13) is set so that a current Q times as 
large as that passed through the third p-channel 
MISFET is passed through the fourth p-channel 
MISFET, where Q/P Is 2N, and 

a size of the second n-channel MISFET 
(QN12) is the same as that of the first n-channle 
MISFET. 

15. The semiconductor memory device according to 
claim 14, wherein the reference voltage generating 
circuit (6) further comprises a first precharge MIS- 
FET (QP21 ) which sets the dummy bit line (DBL) at 
a second reference voltage before its data sense 
operation, and 

the first sense circuit (4a) further comprising 
a second precharge MISFET (QP1 1 ) which sets the 
bit line (BL) at the second reference voltage before 
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its data sense operation. 

16. The semiconductor memory device according to 
claim 14, further comprising: 

5 

a first clamping circuit (5) which is located be- 
tween the first sense circuit and the bit line and 
which suppresses the rise in the voltage of the 
bit line; and 

10 a second clamping circuit (5) which is located 

between the reference voltage generating cir- 
cuit and the dummy bit line and which sup- 
presses the rise in the potential of the dummy 
bit line. 

15 

17. The semiconductor memory device according to 
claim 1 6, wherein the first clamping circuit (5) com- 
prises a third n-channel MISFET (QN1) which is 
controlled by a negative feedback of the voltage of 

20 the bit line, and 

the second clamping circuit (5) comprises a 
fourth n-channel MISFET (QN1 ) which is controlled 
by a negative feedback of the voltage of the dummy 
bit line. 

25 

18. The semiconductor memory device according to 
claim 1 6, wherein the first clamping circuit (5) com- 
prises afifth n-channel MISFET (QN1), a fixed bias 
voltage being applied to a gate of the fifth n-channel 

30 MISFET; and 

the second clamping circuit (5) comprises a 
sixth n-channel MISFET (QN1), the fixed bias volt- 
age being applied to a gate of the sixth n-channel 
MISFET. 

35 

19. The semiconductor memory device according to 
claim 14, further comprising a data holding circuit 
(7) which is located at an output of the second sense 
circuit (4b) and which holds the data detected by 

40 the second sense circuit. 

20. The semiconductor memory device according to 
claim 1 4, further comprising a setting circuit (QN42) 
which sets the first MISFET (MC1) in the first data 

*5 state and the second MISFET (MCO) in the second 
state every a predetermined period. 

21. The semiconductor memory device according to 
claim 1 , wherein the reference current generating 

so circuit (DMC) and the reference voltage generating 
circuit (6) are shared among a plurality of the first 
sense circuit (4a) and the second sense circuit (4b). 

22. The semiconductor memory device according to 
55 claim 1, further comprising a bit line selecting circuit 

(2a) which connects the first sense circuit (4a) to a 
selected one of the bit lines. 
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